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Recentfindings indicate that the basalganglia ofamniotes, i e modem birds, reptiles and mammals contain similar neuronal subpopulations, as defined by the transmitters these neurons use and their connections These data suggest that the evoluh~on of the basal ganglia has been much more conservative than once believed and that this region oftheforebrainpe$ors a similar motor role in birds, mph'les and mammals. The basal ganglia of birds and reptiles, however, dwerj?om those of mammals in that they appear to have their major irlfluence over motorfunch'ons by an oulput to the tectum via thepretectum In contrast. the mammalian basalganglia are thought to have their major influence over motorfinch*ons by an ouCput to the motor cortex via the thalamus Until the late 1960s comparative neuro anatomists believed that the telencephalon, or cerebral hemispheres, evolved in a piecemeal fashion. That is, it was thought that at each 'step' in the evolutionary progression from lower vertebrates to man the brain was expanded by the addition of a new component to the preexisting structures of the telencephalon. Thus, traditional theories of telencephalic evolutiorP suggested that in the primordial vertebrates (presumably pm-jawed fish), the cerebral hemispheres consisted only of olfactory components. It was thought that the 'pallidal' subdivision of the basal ganglia appeared some time during the evolution ofjawed fish, followed by the appearance of the 'striatal' sub division of the basal ganglia in the amphibian lineage. In early reptiles (now extinct), two further significant developments were assumed to have occurred (1) the 'striaturn' enlarged to relatively mammalian proportions, and (2) the forerunner of neocortex appeared in the roof of the cerebral hemispheres. Further amniote evolution was thought to have followed two diverging courses, a sauropsid pattern and a mammalian pattern In the sauropsid radiation, the 'striatum' of later reptiles (including living reptiles) was presumed to have undergone further hypertrophy while the cortical primordium remained unchanged In birds (also part of the sauropsid radiation), even further'striatal hypertrophy was thought to have occurred In the mammalian lineage, by contrast, the basal ganglia were assumed to have remained relatively unchanged, but the cortical primordium was thought to have undergone immense hypertrophy to become the typically mammalian neocortex that surrounds the basal ganglia. Thus, the telencephalon of birds and living reptiles was thought to be dominated by the basal ganglia, while the telencephalon of mammals was thought to be dominated by the neocortex.
Such an evolutionary scheme accorded well with the then prevailing notions about species differences in animal behavior. Birds and reptiles were thought to be limited to a repertoire of instinctive, stereotyped behaviors involving fixed motor routines in response to environ mental stimuli. Since the basal ganglia were thought to be involved in the control of such stereotyped motor routines, the behavioral limitations of nonmammals were thought to have a clear morpholo gical basis in their purportedly basal gangli~dominated telencephala. Man+ mals, by contrast, because they had evolved a neocortex, were presumed to possess a broader and much more adaptable behavioral repertoire. These classical ideas about animal behavior and telencephalic evolution rested upon a number of assumptions about comparative brain organization, about basal ganglia v. cortical function and about mammalian v. nonmammalian behavioral repertoires. Research during the last twenty years by comparative neuroanatomists, neurophysiologists, etho logists and comparative psychologists has rendered a great many of these older ideas untenable. Recent data and ideas on the evolution of neocortex3.4 and on compara tive animal behavio?' have been reviewed by others and will not be discussed here. The present article will review recent findings that have considerably revised our understanding of the evolution of the basal gang&P. These findings suggest that the basal ganglia, at least among amniotes, has evolved much more conservatively than was once thought, and that the telencephala of birds and reptiles are not dominated by the basal ganglia Some what surprising (and previously unrecog- TINS -September 1984 nized) differences do, however, appear to exist between birds and reptiles on one hand and mammals on the other in terms of the major outflow pathway of the basal ganglia to motor areas of the brain
Striatal organization
Older theories of basal ganglia evolution were based on studies using much more limited techniques than those currently available. In these older studies, the location and extent of the basal ganglia were determined by examination of normal cell-stained or fiber-stained brain sections. This approach, however, is unreliable since homologous structures can vary considerably in their appearance and location in different animal species. As a consequence, the dorsal boundary of the basal ganglia in birds and reptiles, although at times disputed, came to be placed at a location that gave a considerable overestimate of the true size of the sauropsid basal ganglia Further, the 'striatal' and 'pallidal' subdivisions of the avian and reptilian basal ganglia were frequently incorrectly identified The currently em ployed termst for many of the subdivisions of the lateral wall of the avian telencephalon (e.g. hyperstriatum, neostriaturn., paleo striaturn) were devised during the early part of this century, and are a reflection of these misconceptions as to the correspond ences between telencephalic regions of birds and mammals (see Fig 1) .
Revision in our understanding of comparative basal ganglia organization has come with the recent development of a variety of pathway tracing and histo chemical techniques. These techniques have allowed neuroanatomists to characterize cell groups of the nervous system in terms of the chemical features and con nections of their constituent neuronal populations. Thus, using acetylcholinesterase hi&chemistry and catecholamine * For the purposes of the present study, the mam mahan basal ganglia are considered to consist of nucleus accumbens and the caudateputamen ('the striatum') and the globus pallidus ('the pallidum'). The basal telencephalon has not been subdivided into somatic and olfactory subdivisions, as proposed by Heimer and coworker?, in order to simplify the comparative analysis.
t The terminology for homologous brain regions differs among the various groups of birds and reptiles. For example, the region referred to as globus pallidus in turtle is called the paleostriatum primitivum in birds. In order to simplify the corn parative analysis, a uniform terminology is used in this paper to identify comparable brain regions in birds, reptiles and mammals. To find the actual name by which any given avian or reptilian brain region is identified, the reader is referred to the various cited articles. 
